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The United States (US) building sector is responsible for 40% of the national energy demand and 40% of national

CO2 emissions, according to the US Energy Information Administration (EIA). These levels represent the largest

energy and CO2 contributions of any sector. In particular, residential buildings account for 21% of US energy

consumption, with over 60% attributed to space and water heating end-uses. The high energy demand, in tandem

with the growing climate crisis, growth in population, and increase in global access to reliable power, is causing an

energy supply crisis.
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1. Smart Windows

Multiple glazing types, such as tinting and reflective, are common and accessible on the market. The global

window market was worth approximately USD 153 billion in 2020 . However, even with these glazing types,

thermal losses through windows remain significant resulting in as much as 10% to 25% of the home’s overall

energy loss . Instead, smart windows are equipped with tunable chromogenic glazing types that allow, block, or

contain certain radiation wavelengths dependent on if the residence needs heating or cooling. In 2020, smart

windows reached a global market value of USD 3.6 billion, 2.4% of the USD 153 billion global window market’s

worth . The market is growing but is curtailed by the lack of knowledge by the general public, no implementation

requirements by codes and standards, and higher initial costs.

Despite the saving potential, the technology has a low adoption rate. The smart windows are currently

manufactured using complex processes and, thus, cost more than any non-smart windows. Smart windows need

more research and development to bring down the cost, paired with more widespread marketing to educate the

general population on their abilities, benefits, and purposes .

2. Electric Vehicles

According to the US DOE’s Alternative Fuels Data Center, 879,320 electric vehicles (EVs) have been sold since

2011, with 241,912 being made in 2019 alone. However, the EV stock represents only 1.4% of the total 16.9 million

vehicles sold during 2019 in the US . Figure 1 shows the number of EVs sold each year, by EV automaker. This

does not include plug-in hybrid vehicles . While there are more options with higher capabilities at lower prices

each year, EVs still remain more expensive and have fewer driving capabilities than their fuel-powered equivalents.
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EVs are often charged in residential buildings, significantly affecting their overall electrical loads. In addition, some

states such as California have added EV charging station requirements to their building code, but other states are

slower to enact these mandates . EVs have the potential to lower carbon emissions as well as help offset peak

loads and reduce the disparities between power production and demand.

Figure 1. Electric vehicles sold by manufacturer and year. Number of EVs sold is broken down by manufacturer

name. This chart does not include plug-in hybrid electric vehicles (data source: ).

More steps need to be taken in order for EVs to reach the status of “higher adopted” technologies, as Li et al. 

and Jang and Choi  outline. Li claims that EVs needs more funding in order to reach standards comparable to

their fuel-powered equivalent. This funding is required both to enhance EV research and development, and to

subsidize the cost of electricity required to power the EVs. The next hurdle is the social influence to convince

consumers to buy EVs. An increase in . Jang and Choi study the potential demographic characteristics that

could influence the purchase of EVs. In the end, the consumers’ demographics of gender, age, region, and income

weighed the car’s characteristics of fuel type, price, body type, driving range and time, and autonomous driving

differently. In order to incorporate a larger audience, they made three conclusions: First, the cost of EVs must be

lowered to be competitive with fuel-powered vehicles. Second, there needs to be investment in research and
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development to improve EV performance and charging stations. Finally, EVs need to be marketed better to the

demographics that are not currently being reached, such as lower income households or those that believe they

prefer specific fuel-type characteristics over EVs .

EV has the capacity to grow and serve as a vital step towards complete electrification, lowering personal carbon

footprints, and alleviating the discrepancy of grid energy production and demand.

3. Storage Solutions

Load balancing is challenging because of the inter-connectivity between technology and human factors. A perfectly

accurate load balancing model is impossible to make due to the uncertain human factors, so instead the solution is

to invest in electrical, chemical, or thermal storage. Storage helps flatten the curve and disparity between energy

supply and demand. Energy storage, if economically feasible, would allow for flexibility, proper optimization, and

less energy waste . As of 2019, the US has 402 MW of small-scale and 1022 MW of large-scale total battery

energy storage capacities . Compared to the US’ 97.2 GW of solar power capacity, the total energy storage

capacity represents 1.5%. However, energy storage remains currently an expensive technology and only

considered when the residence has onsite renewable power generation sources.

Surveys completed during 2020 indicate that most consumers (69%) want energy storage for added resiliency as a

backup solution. The most popular vendors for energy storage batteries suitable for backup power in buildings are

LG Energy Solutions and Tesla, with Tesla being the cheapest option by 3% compared to Generac, 19% compared

to Eguana Technologies, and 32% compared to LG Energy Solutions . However, the prices for these batteries

remain rather high, typically above USD 10,500 for 13.5 kWh capacity, including installation and not including tax

incentives or rebates . Luckily, more energy storage solutions are entering the market each year and driving the

price down steadily.

4. Heat Pumps

Heat pumps are not a new technology, but they are slow to be adopted as common options for heating residential

buildings. The EIA reports that only 12.1 million households use heat pumps out of the 139 million households

(8.7%) in the US . Currently there are no building code requirements for adopting heat pumps, so unless

builders seek to achieve certificate requirements (i.e., LEED, electrification, or other labeling standards), there is no

motivation to specify these systems. Heat pumps have higher initial costs compared to gas or oil heating systems

and require more specialized knowledge to install. In addition, heat pumps are not suitable for all climates.

However, they offer large potential for energy savings. According to the US DOE, heat pumps can reduce electricity

by approximately 50%, in comparison to their electric heating systems . Geothermal heat pumps could reduce

heating energy usage by 30% to 60% in US homes, if they have access to geothermal sources . Wu and Skye

of the National Institute of Standards and Technology (NIST) state that Ground Source Heat Pumps (GSHPs) can

save between 24.3% and 39.2% of energy in heating-dominated regions, depending on the specific climate zone
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. A case study in California showed a 50% reduction in household carbon emissions when switching from natural

gas to heat pumps for both domestic hot water and space heating . Another case study in United Kingdom

residences showed a savings of 37% in both cost and emissions when switching from a natural gas boiler to a heat

pump . When heat pumps are used for domestic hot water heating, they are two to three times more efficient

than standard electric water heaters .

Heat pumps driven by renewable power can achieve even higher energy savings compared to conventional

heating and cooling systems. Liang et al.   investigated solar-powered heat pumps that can provide both

electricity from the solar panels and heat from the solar rays. They estimated that these systems can provide up to

24% additional savings .

Karytas et al.  surveyed subjects in Greece, Spain, and Portugal specifically about domestic hot water (DHW)

systems that utilize GSHPs, solar solutions, and thermal energy storage. Through a questionnaire, they gauged

interest, willingness to adopt, willingness to pay, and acceptable payback periods, as well as the subjects’

demographic characteristics. They concluded that while there is sufficient interest and willingness to accept, the

technology needs to be cheaper and have a shorter payback period compared to the non-renewable competitors.

They estimated that the technology needs to be as low as EUR 6000 with a 5-year payback period for users to

readily adopt it .

5. Geothermal Systems

Geothermal plants only produce 0.4% of the US’ utility-scale electricity generation  suitable for space heating,

cooling, DHW systems, and electricity generation. Geothermal energy could provide as much as 75% savings

when compared to traditional heating and cooling systems . However, geothermal systems may not be

economically feasible for all US climates, as Neves et al. assessed . 

Reber et al. proposed an alternate geothermal heating solution using centralized enhanced geothermal systems

(EGS) . These EGS use terra heat from bedrock, as opposed to relying on geothermal ground water, which is

only available in certain locations. The EGS provide a more efficient approach to heating air and water and are

available in more locations than traditional geothermal systems. The main concern is economic feasibility,

depending on the bedrock conditions. Currently, this system could cost as high as 22.30 USD/MMBtu, but with

more research, this cost could be reduced to 12.00 USD/MMBtu . Generally, geothermal systems require large

capital investments, but with a large-scale deployment and reduced transportation distances, geothermal energy

could become accessible to more homeowners .
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